Agricultural activities are considered the main cause of deforestation in the Brazilian Amazon rainforest. Command and control operations of the Brazilian government, fines and monitoring of illegal activities are institutional mechanisms to reduce deforestation in the region, mainly supervising the agricultural activities. The objective of this study is to analyze the effects of agricultural activities on deforestation in the 21 st century, considering the role of government and enforcement to reduce deforestation rates in priority municipalities in the Amazon. Using panel data analysis with 335 municipalities of Mato Grosso, Pará, and Rondônia, including high-priority municipalities to combat deforestation, we show that cattle ranching remains the leading cause of deforestation in the Amazon rainforest, while soybean cultivation and others temporary crops do not yet represent a major threat. In addition, it is observed that enforcement operations produce positive effects in reducing deforestation, combating activities not conforming to the legislation and sustainability standards. Although this institutional mechanism of enforcement is reaching its limits, slowing the reduction of deforestation rates in recent years.
INTRODUCTION
The Amazon, the largest forest area on the planet, covers more than 5 million square kilometers over nine Brazilian states. Its size and importance are reflected in the conflict between the preservation of fauna and flora and the continuity of economic activities. The limited capacity of forest resiliency (HIROTA et al., 2011) and the importance of the Amazon for the global environment places a great responsibility on Brazil for the management of native forests. In addition, international demands have led the country to formulate rules to ensure the future of the forest. One of the main challenges for countries in the Amazon region is to build a strategy reconciling productive activities and forest preservation.
Contrasting to the current need for environmental preservation is the way in which the region was economically directed by the Brazilian government in the second half of the last century. In particular, the economic development of several Amazon municipalities was linked to deforestation and sequential development of agricultural activities. Among the reasons for deforestation were demographic pressures from other regions of the country, agricultural incentives based on low land prices and interest rates, and government investment and subsidies for agriculture (FEARNSIDE, 2005; KIRBY et al., 2006) .
The conservation of the Amazon does not necessarily mean the interruption of economic activities, but rather, their adaptation to the requirements of legislation and pressures that arise in society, which are reflected in market practices. Other mechanisms are strategies to add value to local produce, such as certification or cultural appreciation, reducing environmental impacts by adopting sustainable practices, provision of funding only to those who comply with laws, and use of allowed inputs and licensed pesticides (NEPSTAD; STICKLER; ALMEIDA, 2006) .
In this context, the Brazilian government has an important role in the preparation of appropriate legislation to contain deforestation, as well as the command and control operations in the region, constraining illegal practices and ensuring the preservation of the Amazon concomitantly with the performance of agricultural activities. Several studies have analyzed the impact of agricultural activities, policy incentives for the occupation of the Amazon, and the conflict of land ownership and its impact on deforestation (ALDRICH et al., 2012; ARAUJO et al., 2009; FEARNSIDE, 2001; HECHT, 1985; WALKER; MORAN; ANSELIN, 2000) . The present study contributes to the analysis of how the new institutional environment, with the government acting as a principal agent in the Amazon, is able to reduce deforestation and to identifying the limits of the mechanisms developed (HARGRAVE; KIS-KATOS, 2013; VERBURG et al., 2014) .
The purpose of this study is to investigate the relationship between deforestation and the expansion of agricultural activities in the Amazon in the 21 st century, considering the effect of public policies and enforcement to combat deforestation on compliance with legislation. Our hypothesis is that soybean cultivation and cattle ranching were the leading causes of deforestation in the Brazilian Amazon in the 21 st century, however, public policies to combat illegal deforestation and the role of government in command and control operations have had important results in reducing deforestation in recent years.
OCCUPATION OF THE AMAZON AND INSTITUTIONAL ENVIRON-MENT TO COMBAT DEFORESTA-TION
Throughout the intense period of colonization of the Amazon during the 1960s-1990s, the Brazilian government formulated policies to encourage the occupation of the region, offering reduced taxes and subsidized credit for the installation of new businesses, especially in the agricultural sector (ANDERSEN; GRANGER, 2007) . The timber industry grew as an important economic activity in the region, while cattle ranching followed into the cleared areas to become an extensive activity. With low volume of capital investment per hectare, its purpose was to secure land tenure through economic use, resulting in conflicts that extend to the present (ARAUJO et al., 2009) . Regarding the history of deforestation in the Brazilian Amazon, Fearnside (2005) considers that the direction for the region's deforestation was determined in the 1970s in the so-called "arc of deforestation," a region that comprises the areas of the states of Rondônia, Mato Grosso, and Pará. The occupation of the Amazon was initially undertaken through logging as the main economic activity and capital accumulation, with cattle ranching soon after. Ascattle ranching requires little capital, its main task was to ensure the economic occupation of the land for its legalization (ALDRICH et al., 2012) .This led to the replacement of native forest areas with pasture. This process was developed and promoted by the institutional environment of that historical period, leading to livestock becoming the main cause of deforestation in the Amazon (MARGULIS, 2003) .
In general, the arrival of agriculture occurs only when there is sufficient capital and logistics structure to support agricultural development. In the case of soybeans, its expansion in the Cerrado (tropical savannah) occurred from the 1980s and intensified from the late 1990s. Although agriculture often materializes after other activities in areas that had been cleared already, it can lead to what Fearnside (2001) defines as the dragging effect, which occurs when destructive activities, such as livestock farming, are accelerated over time by the infrastructure installed to facilitate agricultural production, such as soybean. Although soybean and other agricultural cultivation are not the main deforestation activities, they provide conditions for other activities to intensify this process (MORTON et al., 2006) .
The construction of roads has been identified as a contributing factor to deforestation (PFAFF et al., 2007) . Although not decisive factors, roads create logistical conditions to connect productive areas with consumption centers. Nepstad et al.(2001) demonstrate that highways can further encourage deforestation by stimulating the expansion of agriculture and cattle ranching in the Amazon. In addition, the construction of hydroelectric power plants causes damage to vegetation and while space is required to construct the plant itself.
It is evident that the Brazilian government induced the formation of an institutional environment in which economic activities in the Amazon have become the main causes of deforestation, but these institutions were grounded in development strategies from that historical period. This kind of development led to two interrelated manners of deforestation. The first is an economic source directly linked to production: livestock, agriculture, and mining. The second source is infrastructure, including support activities linked to production, such as highways and hydroelectric plants (TUNDISI et al., 2014) .
With regard to the environment, since the second half of the 20 th century, several global forums have discussed the impact of humanity on the world environment, as such problems as pollution and climate change have seeped into popular awareness and overtaken academic discussion. The first major global meeting to discuss the environment took place in 1968 in Rome -Club of Rome -,and pointed to issues concerning natural resources, economic growth, pollution, and quality of life (MEADOWS et al., 1972) , culminating in a discussion of the relationship between humanity and the environment on a global scale. As deforestation is one of the main forms of environmental aggression, it became one of the first targets for action mentioned at international conferences, and the Rio Summit in Brazil in 1992 dealt with various issues related to forests, such as biodiversity, rational development, legal mechanisms, and other actions to improve supervisory activities directed at forests worldwide.
The change of the Brazilian institutional environment for the Amazon reflects the perceptions of different agents about the importance of the region and its natural resources. Increased social pressure for environmental preservation, trade embargoes on In particular, a recent change in environmental legislation involves the new Brazilian Forest Code. Impeding the free exploration of rural properties 1 , the law limits an owner's capacity to maximize economic land use through the total deforestation of an area through agricultural activities or livestock. It aims to identify economic agents that perform illegal activities in the region, often linked to deforestation, such as illegal logging. By punishing such activities, the government makes the option of illegal activities less attractive, thereby increasing control over deforestation in the Amazon.
Alternatives to deforestation have arisen through the creation of governance mechanisms to maintain native forest areas. Protected areas, indigenous parks, and extractive reserves (NOLTE et al., 2013; SCHWARTZ-MAN; ZIMMERMAN, 2005) are forms of territorial management employed by the Brazilian government with multiple purposes, including reconciling conservation and economic use of the territory. The result of institutional environmental change has been reduced deforestation rates in the 21 st century.
METHODOLOGY

Data
In this study, we selected as units of analysis 335 municipalities in the states of Mato Grosso (141), Pará (142), and Rondônia (52), using database information between 2001 and 2012. The data of deforestation rates, expressed in square kilometers deforested, were obtained from the Brazilian Space Research Institute (INPE, 2015) . Data for the total cultivated area of soybeans and other temporary crops (ha), cattle herds (total), and gross domestic product (GDP) per capita in each municipality were selected by the Brazilian Statistical Office (IBGE, 2015) 2 . Monetary values were updated to December 2012 prices in Brazilian national currency through the GDP deflator. Priority municipalities to combat deforestation or deforestation monitored and under control were selected from the latest updated list (October 14, 2013) from the Ministério do Meio Ambiente (MME, 2015) . Only the municipalities of Mato Grosso, Pará, and Rondônia were considered for the list.
The choice not to use economic variables analyzed for primary products (soybean, meat, and other agricultural crops) results from model specification to explain the effects of expansion or contraction of activity in the Brazilian Amazon. Hargrave and Kis-Katos (HARGRAVE; KIS-KATOS, 2013) use such economic variables in their work, demonstrating the effects of price changes on the rate of deforestation in the Amazon. However, price declines may not necessarily mean decreased activity to stop deforestation, especially in relation to soybeans produced in the Cerrado of municipalities in Mato Grosso. In addition, the soybean production chain was able to develop market institutions contributing to the conservation of the Amazon Biome (GIBBS et al., 2015; RUDORFF et al., 2011) . Highly mechanized soybean production requires intensive use of capital, so its profitability is achieved through economies of scale, which requires the expansion of arable land and therefore, increases pressure on forest areas, pressing the native forest. Beef prices tend to produce better results on deforestation than soybean prices. The variation of crop area utilized in this study involves an immediate explanation of the behavioral activity in each year with the variation of deforestation.
Empirical Approach
To measure the influence of agricultural and logging activities on deforestation in the Amazon region, data for the 21 st century from 335 municipalities were selected for panel data estimation of the following Equation 1.
(1)
Where is the total deforested area from the municipalities (i = 1, 2, ... 335) over the years analyzed (t = 2001, 2002, ... 2012) , is the constant for each municipality through estimation by panel data with fixed effects, is the matrix of independent variables, these being the annual crop of soybeans in the cultivated area, the total area for other temporary crops, cattle herd, GDP per capita, and GDP per capita squared. In addition, we added a lagged variable to livestock. is a matrix of dummy variables, and are the estimated parameters vectors, and is the error term. We proceeded to eliminate individual constant term through the estimation of the firstdifference model between the variables (Equation 2), thereby losing one observation per municipality and maintaining the array of dummies variables.
(2)
In this model, we selected two dummies.
represents municipalities that had high above-average deforestation, and therefore, determines the main deforester group in the Amazon, thereby making it possible to verify the most harmful environmental activities.
represents government enforcement of the main deforestation municipalities, assuming a value of 1 for priority municipalities to combat deforestation in the Amazon from the year that was included is the list until the removal year. A negative value for the parameter is expected, proving that the state's enforcement action on the major municipalities is effective. Dummy variables identify where the existence of government is more representative (priority municipalities), functioning as an institutional variable (GARRETT; LAMBIN; NAYLOR, 2013; JONES; TRUE; BAUMGARTNER, 1997).
Regarding the explanatory variables, it is expected that the coefficient of cattle ranching (variation of cattle herd) is positive, which would confirm the theory that cattle ranching is one of the major activities in the region contributing to deforestation (ALDRICH et al., 2012; WALKER; MORAN; ANSELIN, 2000) . We expected the same for soybeans and other temporary crops. To GDP per capita variable, it is expected a positive value, demonstrating that real increase in wealth implies higher use of natural resources, while for GDP per capita squared an expected negative value mean that every increase in wealth has a decreasing scale effect. By the lagged variable for effective bovine, we sought to analyze whether this variable influence on deforestation over time.
The second model was estimated to assess the outcome of municipalities with more significant deforestation. From the initial 335 municipalities, we selected 168 with average annual deforestation of more than 10 km², maintaining the same variables and dummies for analysis. In this way, it is possible to compare the diffusion of activities and deforestation in the Brazilian Amazon with the region's arc of deforestation. 
RESULTS AND DISCUSSION
Institutions are structures designed for human interaction and are organized into formal and informal rules. Informal rules exist purely for relationships between agents: norms of behavior, conventions, and rules of conduct. On the other hand, formal rules (i.e., contracts, laws, and constitutions) have a constraining agent, often the government. Institutions are designed to reduce uncertainty and are guides to human interaction (NORTH, 1990) . In the Amazon initially, there were institutions that encouraged productive activities that were aggressive to the environment; however, the new institutional framework has changed the trajectory of the use of natural resources. The challenge is to apply institutional theory through the new agenda of the Brazilian government's role in the Amazon rainforest.
The formation of institutions depends on the organization of each society. Such institutions are built in different ways due to cultural heritage and are passed on between generations (NORTH, 1994) . However, institutional economics indicates that socioeconomic structures change over time. North (NORTH, 1990) emphasizes that institutional changes are complicated processes, and are usually slow to change with the expectations of agents.
In the second half of the 20 th century, there was a change in how humanity viewed the environment generally. It was no longer viewed as a place for economic exploitation or simple preservation of the landscape, and came to be considered from the perspective of invaluable interaction with economic activities. This new perspective has led to an international political dispensation that encourages changes in the trajectories of the uses of natural spaces. Thus, because Brazil is the holder of the planet's largest area covered by native vegetation, it is one of the countries most tar-geted by governments and NGOs pressing for new environmental protection measures to be adopted.
Global forums and international pressure have pressured Brazilian society to accept the importance of combating illegal deforestation, which has intensified especially since the last decade of the 20 th century, when the national government began to enforce behavioral change by agents through an institutional plan. The 1992 Rio Summit for the first time clarified the relevance of forests and boosted the debate on sustainable development and the preservation of forests for both biodiversity and cultural diversity (UNITED NATIONS, 1992) .
The Rio Summit resulted in Agenda 21, the first document seeking to establish international legal regulations concerning the protection of forests (KUNZMANN, 2008) . Even though the proposal failed to be heeded widely, the issue of combating deforestation was adopted. Brazil was initially reticent to join international conservation programs, but gradually began to adopt measures to reduce deforestation and change its productive logic focused on environmental degradation.
The new logic being established in the Amazon is directly opposed to the previous productive arrangement, at least in part, since it has increased the power of supervision while police action has been able to suppress part of the illegal timber harvesting. The proof is in the drop in deforestation rates. However, this approach requires both social action, with the mobilization of advocacy groups focused on preservation and the consciousness of local people about the importance of forests, and government action, which performs the role of constraining individuals, restricting their free uncontrolled exploitation of natural resources by developing efficient legal mechanisms for monitoring, surveillance, and control of illegal deforestation (KUNZMANN, 2008; SCHNEIDER, 2006) . In this context, the government has the task of developing formal institutions to prevent deforestation in the Amazon when such activities represent a risk, and occasionally of using its ability to prevent the free use of land. Analyzing deforestation data, the states of Mato Grosso, Pará, and Rondônia hold the largest share of deforestation in the Brazilian Amazon (Figure 1) . From 1988 to 2013, they together accounted for 81.5% (328,106 km²) of the increase in total deforested area in the Amazon (another six states accounted for the remaining 18.5%). From this perspective, it is clear that the government's performance must be constant for these regions, because the activities that account for most deforestation are concentrated therein. Since 2004, the annual rate of deforestation has been declining every year, and in 2008 with the intensification of state presence to enforce compliance with legislation, this reduction grew significantly. On December 21, 2007, a legal framework was established to combat illegal deforestation in the Amazon through Decree 6321. Thereafter, the Brazilian government developed its form of legal action in the region to combat deforestation directly through command and control actions, with more intensity in the focus areas. Thus, a list of priority municipalities to combat deforestation was created, and since then, new municipalities have been included if their deforestation rates rise. On the other hand, those municipalities that have reduced their deforestation rates continue to be monitored as a precautionary measure to prevent them from slipping back to previous rates. The output of the list of priority municipalities shows the effectiveness of public policies on regulation and supervision in the region and demonstrates that the enforcement capacity of the government has been paying off practically.
In order to measure this government action on deforestation, we estimate through ordinary least squares (OLS) ( Table 1) the relationship between the annual changes in deforestation as a function of the variation of the main agricultural activities identified in deforestation. In addition, two variables were included as a qualitative response. Variable represents municipalities with significantly above-average deforestation figures, and thus, represent the group of focus for deforestation in the region. represents those municipalities subsequently included in the list of priority municipalities for deforestation, reflecting policy public vigilance and control. As expected, the coefficients for soybeans and cattle were positive, confirming the results of other researchers, as these two activities are the main precursors to deforestation in the Brazilian Amazon in the 21 st century. , v. 9, n. 1, p. 75-88, Jan./Mar. 2019 More specifically, the elasticity for cattle ranching was 26.9% and for soybean was 2.47%. In 2000, Brazil had approximately 169.88 million cattle, growing to 211.28 million in 2012, an increase of nearly 25% (FAO, 2018) .Most of this growth occurred in the Brazilian Amazon, mainly in the states of Para and Mato Grosso. It is noteworthy here that cattle ranchingremains the dominant activity causing deforestation in the Amazon. Fearnside (FEARNSIDE, 2002) posits that subsidizing the intensification of livestock is not an effective strategy, as it results strongly in reinvestment in the land for its own expansion, leading to new deforestation for pasture. Thus, command and control policies are the main instrument to combat deforestation caused by these activities. It is also observed that the lagged variable for cattle ranching was significant and positive, reflecting that this activity can continue to produce impacts over time. This is a possible topic for further study.
Soybean cultivation is a highly mechanized activity that requires large amounts of capital, and developed markets and logistical conditions. Thus, it increases in areas that offer these conditions (ANDERSEN et al., 2002) . Such conditions are found in the Cerrado of the Brazilian midwest, especially in Mato Grosso. Soybean production in Brazil increased from 32.7 million tons in 2000 to 81.7 million in 2013, an increase of almost 150% (FAO, 2018) . Nevertheless, the expansion of soybean production in the Brazilian Amazon is not consolidated because existing infrastructure is insufficient and it has not been as major a threat compared to cattle ranching. However, there are environmental concerns about future soybean cultivation due to the expansion of global demand and its effect on planted area.
Whereas most soybeans are produced in the Mato Grosso Cerrado, the next "frontier" would be the Amazon, although the region does not present a propitious climate and soil conditions for its cultivation and it does not have an established market to make production viable (CAMPOS, 2012) . Another cause of deforestation in the Amazon that is associated with agriculture is the slash-and-burn method for clearing areas to be cultivated, which releases nutrients into the soil (FEARNSIDE, 1989) .
The result for the variable other crops proved positive, although the variable was not statistically significant for deforestation. Agriculture is developed by replacing native forests, mainly for monoculture. In the case of soybean-producing regions, a second annual crop (called Safrinha), such as corn, is cultivated on most land. This use of the same area does not require new deforestation but contributes to the productive use of the land and increased agricultural production.
The positive coefficient for GDP per capita confirms the expected result, showing that income increases with the expansion of activities in the region. Then, the predominance of agriculture and cattle ranching in the region eventually leads to even more use of natural resources. However, the negative coefficient for GDP per capita square shows that income has higher decreasing scale effects on the variation of deforestation. As income increases, so does the level of information and social organization conducted, suggesting that there is a reflex response to growing awareness about the importance of preserving the Amazon. Dietz and Adger (2003) note that government policies dealing with environmental problems tend to expand as the country develops economically.
Variable was found to be positive and significant. This variable represents a group of 19 municipalities with very high annual deforestation rates compared to other municipalities in the same period. The relevance of this small group of municipalities in deforestation is evident by analyzing their agricultural pro- , v. 9, n. 1, p. 75-88 , Jan./Mar. 2019 duction and deforestation rates. These 19 municipalities together accounted for 37.5% (51,335.5 km²) of the increased deforested area in the three selected states for the period between 2001 and 2012, 29.7% of the cattle herd variation, and 14.5% of the soybeanplanted area. The correlation between deforested area and cattle herd variation is high and positive (0.861). Thus, anti-deforestation policies should be implemented more incisively in these places in order to constrain illegal activities and agents, and inhibit or substantially reduce deforestation. It is clear that the protection of the Amazon rainforest depends on both economic agents and government guidance. Concerning the market, consumers may demand certification of agricultural production originating in the Amazon, ensuring that production has not resulted in new deforestation (MILDER et al., 2015) . In addition, producers need to develop strategies to increase productivity in areas already occupied. Government oversight should guide agriculture and cattle ranching, which are the main cause of deforestation, so that these activities reduce their impacts in the Amazon. The government could also develop financial and tax policies as incentives for economic agents who already comply with current legislation, stimulating others to start complying. Activities that do not have risk of deforestation could be stimulated, thereby combining economic alternatives with the preservation of environment (CHOMITZ, 2004; GODAR; TIZADO; POKORNY, 2012; HUMPHRIES et al., 2012) .
The focus of this study was to consider the effects of public policies and actions to combat deforestation. The variable was employed to represent the Brazilian government's actions to combat deforestation on priority municipalities. As expected, the coefficient was negative and statistically significant, demonstrating that government enforcement policies result in reduced deforesta-tion, although in a limited way. In addition, Arima et al. (2014) found the effect of public policies to be significant when analyzing it separately from other variables in their model. Individual knowledge of the rules for using and exploiting native forest by economic agents in the Amazon is necessary, and the perceptions of landowner about the possibility of being inspected and fined for violating the law could assist in combating illegal deforestation (SCHMIDT; MCDERMOTT, 2014) . Table 2 shows the comparative results of the first and second models. Comparing the two models, the coefficients did not change significantly. It is noteworthy that soybeans, cattle herds, and per capita GDP showed positive and significant coefficients, with elasticity of 2.4% for the soybean production and 9.05% for cattle herds. This small difference between the two models confirms that these activities continue to be the main cause of deforestation, but are concentrated in a particular region in the Brazilian Amazon. These 168 municipalities accounted for 95.6% of the total deforestation variation, 77.5% of the soybean planted area, and 83% of the livestock of the 335 municipalities selected, which demonstrates a spatial concentration of both activities as well as deforestation.
For the locations where agricultural activities are relevant, the Brazilian government could define more precisely its enforcement strategies in order to act precisely in areas of expansion by reducing pressure for further expansion in the Amazon and promoting illegal deforestation. Institutional mechanisms to combat deforestation must be enhanced to prevent areas of native forest from being destroyed, but must be consistent with the economic importance of the relevant commodity.
shows that deforestation is geographically concentrated, which should enable pressure groups, such as civil society, and economic actors besides the government to intensify their actions.
As the conditions for soybean cultivation are being reached by regional development, greater market integration, and expansion of infrastructure and logistics investment, the dragging effect tends to move cattle ranching to new areas in the Amazon (FEARNSIDE, 2001) . Soybean, being one of Brazil's main exports, receives significant investment for logistics infrastructure. When production costs are reduced by this improvement in the means of transport, it creates a favorable environment for the expansion of soybean cultivation. The Amazon is threatened by the trend of expanding the transportation network from the Cerrado to the north of Brazil.
Again, we find that the coefficient for the variable was negative, which reinforces the hypothesis that the mechanisms of command and control of the Brazilian government in the Amazon, when applied in specific locations, resulted insuccessful reduction of annual deforestation rates. Analyzing all deforestation for Mato Grosso, Para, and Rondônia, during 1988 Rondônia, during -2007 , the average annual deforestation was 14,726.8 square kilometers per year, while for 2008-2013, the average rate dropped to 5,595 km² per year.
However, it is possible that the government's ability to slow deforestation using only its enforcement capacity is reaching a limit with the stabilization of the deforestation rate, which can be observed in Figure 1 from 2008 . Such exhaustion of deforestation contention from government policies and operations requires the development of new policies that go beyond the fight against illegality and constraining economic agents. It should include the formulation of legal incentive policies, which could have a significant effect on both control deforestation and the sustainable use of areas, combining production with preservation.
In this context, it is important to develop new mechanisms to reduce deforestation. Public policies can give market incentives to economic agents that comply with the legislation. For example, official rural credit, which has been an important source of agricultural resources in Brazil since 2008, funds only farmers in the Amazon Biome who do not deforest new areas after this year. With this restriction, farmers need to conserve native forest areas on their land to keep qualifying for resources, and this strategy also incentive production and preservation. Such results are amplified by the involvement of market institutions; for example, a Soy Moratorium deal has prevented agricultural companies from financing soybean producers in deforested areas since 2006. Failure to follow these rules implies producers cannot raise sufficient funds for costly production, such as soybean cultivation.
Enforcement strategies are effective to prevent deforestation when economic agents do not consider illegality to be an advantage (freerider). Weak control mechanisms provide opportunities for illegality. In other words, if agents consider that the benefits of illegality are higher than its costs (e.g., fines) they would continue deforestation to maximize their profits. The efficiency of the Brazilian government in reducing deforestation in the 21 st century precisely reflects the new path that economic agents have been developing, with new conservation strategies that add value to production.
CONCLUSION
The objective of this study was to investigate the relationship between deforestation in the Amazon and the expansion of agricultural activities during the 21 st century, based on the hypothesis that the government could take advantage of command and control power to enforce laws and contain deforestation. The results confirmed the hypothesis: that the government, through its policies, has been able to reduce deforestation.
The results show that although cattle ranching remains the main activity threatening the Amazon, it also has great economic importance for the region, as do soybeans. Even though cattle ranching is not a major cause of deforestation, it ultimately raises capital and moves activities to unexplored areas, thereby encouraging deforestation (FEARNSIDE, 2001) . The results suggest that institutions, using market mechanisms, could contribute to combating deforestation by encouraging agents to adopt sustainable practices, answering the demands of consumers and maintaining the reputations of economic agents along supply chains (GIBBS et al., 2015) .
The development of economic activities alongside conservation of native forest in the Brazilian Amazon is a challenge that persists in the 21 st century. The continuous exploitation of natural resources has mobilized civil society to press for public policies to combat illegal deforestation in the Amazon. The result has been intensification of monitoring and control operations in recent years, guided by stricter and more effective legislation to punish agents that circumvent such laws.
This study demonstrated that antideforestation policies in priority municipalities have produced significant results since their implementation, raising the risk of illegal activities. However, government enforcement, while able to reduce deforestation, is reaching its limit in producing its effects, in which the annual rate of deforestation goes to stabilize at a certain level because of its saturation. To reduce the rate of deforestation further in the region, new control mechanisms should be developed to encourage sustainable activities that meet legal requirements, thereby making illegal activities less attractive for free-riders.
It is clear that government actions are an important factor for transforming economic organization that results in deforestation. Thus, an analysis of the conditions of the sectors directly affected by state enforcement could provide valuable information on the impact of state actions on the productivity of the agricultural sector, including the timber industry.
